INTRODUCTION {#sec1-1}
============

Coronary artery disease (CAD) is the leading cause of morbidity and mortality in many countries including Iran. The high prevalence of CAD occurrence in Iranian population and its related complication is one of the most pressing health problems.\[[@ref1]\] Identification of new risk factors seems to be of great importance for prediction and prevention of coronary events. Several endothelium--derived relaxing factors such as nitric oxide (NO) are involved in the regulating the function of endothelial cells.\[[@ref2]\] It has been widely accepted that endothelial dysfunction occurs in response to numerous cardiovascular risk factors and precedes the development of atherosclerosis.\[[@ref3]\] One of the main regulators of vascular endothelial cells functions is the NO that acts as an important athroprotective and vasodilation factor.\[[@ref4]\] NO inhibits several key step of atherogenesis including platelet aggregation, leukocyte adhesion to vascular endothelium, and migration and proliferation of vascular smooth muscle cells.\[[@ref5]\] NO is produced by endothelial nitric oxide synthase (eNOS) from L-arginine in vascular tissues. The gene for eNOS located on chromosome 7q35-q36 and consisted of 26 exons.\[[@ref6]\] A single-nucleotide polymorphism, namely, T-786C (rs2070744), has been identified in the promoter region of eNOS gene and was shown to reduce promoter activity by approximately 50%.\[[@ref7][@ref8]\] The T-786C polymorphism has been proposed as a risk factor for CAD occurrence with conflicting results.\[[@ref9][@ref10][@ref11][@ref12][@ref13]\] Moreover, studies investigated that the association of this common polymorphism with intracellular NO production is limited.\[[@ref14]\] The aim of the present study was to investigate the association of T-786C polymorphism with CAD risk in an Iranian population. Furthermore, the plasma levels of NO, intergenotypic variation of NO levels, and gene expression levels of eNOS were investigated.

MATERIALS AND METHODS {#sec1-2}
=====================

Study population {#sec2-1}
----------------

Our case--control study included 100 patients with a diagnosis of CAD and 100 healthy matched controls. The CAD diagnosis was made by angiography conducted by an expert cardiovascular specialist. The CAD patients (56 male and 44 female) were included in the study when presenting with ≥50% stenosis in at least one major coronary vessel. Patients with previous myocardial infarction history showing positive angiogram result were also included in the study. The severity of CAD was determined based on the number of stenotic vessel showing more than 50% stenosis. Accordingly, patients were classified as single-, double-, and triple-vessel stenosis patients. The percentage of stenosis was estimated by visual estimation of luminal diameter in area of stenosis relative to area with normal diameter (without stenosis) for all stenosis. We used a quantitative system for grading of stenosis including normal: absence of plaque/no luminal stenosis; minimal: plaque with \<25% stenosis; mild: 25%--49% stenosis; moderate: 50%--69% stenosis; and severe (occluded) 70%--99% stenosis. Measurement of the left ventricular ejection fraction (LVEF) was done in some patients with echocardiography. Based on the protocol established in our center, the LVEF values ≥55% were considered as severely depressed systolic functions while LVEF values ≤30% were considered normal.

Patients showing fewer than 50% stenosis were excluded from the study. Patients who suffered from valvular heart disease, cardiomyopathy, inflammatory disease, and other organ failures such as heart failure, renal disease, rheumatoid arthritis, or cancer were excluded from the study. Clinical assessment of CAD patients revealed that 12% of them had a positive familial history of CAD, 21% had hypertension, 36% had smoking habit, 23% had diabetes mellitus, 44% had hypercholesterolemia, and 46% had hypertriglyceridemia, which were determined based on some published criteria.\[[@ref15]\]

All of the control subjects were selected after careful inspection of a cardiovascular specialist. Control subjects (51 male and 49 female) were selected based on normal angiography results and the absence of any personal or family history of CAD or other reasons to suspect CAD. Furthermore, control subjects suffering from concomitant diseases such as malignant diseases, organ failure, and febrile conditions were excluded. For all subjects, a complete medical history including questions about smoking habits, history of hypertension and diabetes, and family history of heart disease was obtained by questionnaire. The mean age of CAD patients and controls was 59.4 ± 23.5 and 56.7 ± 29.5, respectively. Both patients and controls were selected from Zanjan population with an Azerian ethnic background. Furthermore, matching of case and controls for age and sex was not performed in this study as the distribution of age and sex was not statistically different between groups.

The estimation of study sample size was based on the previous studies.\[[@ref14][@ref16]\] The minimum required sample size according to Tangurek *et al*.'s\[[@ref16]\] study (CC + TC frequency in case and control group were 60.4% and 40.4%, respectively) was calculated by 97 persons in each group. The calculation of study sample size was done by OpenEpi version 2.2 software (Informer Technologies, Inc. Atlanta, USA) (free online statistical software available at: [www.openepi.com](www.openepi.com)) and the following formula

![](JRMS-22-34-g001.jpg) assuming α = 0.05, β = 0.2, *P*~1~ = 40.4%, *P*~2~ = 60.4%.\[[@ref16]\]

All of the study subjects participated voluntarily in the study and written informed consent was obtained from all participants. The study was approved by the Ethic Committee of Zanjan University of Medical Sciences (Ethical code: ZUMS.REC.1394.344), Zanjan, Iran.

Blood samples collections {#sec2-2}
-------------------------

From each participant, 5 ml fasting blood was collected in ethylenediaminetetraacetic acid-containing tubes and instantly centrifuged. Plasma fraction was separated and stored at −40°C, and the cellular fraction was used for DNA and RNA extraction.

Endothelial nitric oxide synthase T-786C polymorphism analysis {#sec2-3}
--------------------------------------------------------------

Genomic DNA was purified from blood leukocytes using a commercial kit (GG2001, Viogene, Poland). The eNOS T-786C polymorphism was genotyped by amplifying the polymorphic site using the following primers forward 5'- CAG ATG CCC AGC TAG TGG-3' and reverse 5'-GGA CCT CTA GGG TCA TGC-3 at an annealing temperature of 62°C. Restriction digestion was performed on 8 µL of polymerase chain reaction (PCR) product using 2 units of MspI restriction enzyme (EURx Ltd., Poland) for 5 h at 37°C. The digested PCR products were electrophoresed on a 2.5% agarose gel and stained with SYBR Green dye. After digestion, the 506 bp amplicon cleaves into 285 and 221 bp in the presence of T allele whereas the C allele produces 285, 177, and 44 bp fragments.

Endothelial nitric oxide synthase gene expression analysis {#sec2-4}
----------------------------------------------------------

Total RNA was extracted from blood leukocytes using TRIZOL reagents (Invitrogen, Carlsbad, CA, USA). A commercially available kit (dART RT, EURx Ltd., 80-297 Gdansk, Poland) was used for cDNA construction in a total volume of 20 μl according to the kit instruction. Quantitative real-time reverse transcription (RT)-PCR was performed in an ABI 7300 instrument using high ROS SYBR Green PCR Master Mix Kit (Ampliqon, Denmark). Thermal cycling conditions were as follows: initial activation of the polymerase enzyme at 95°C for 15 min and 35--40 cycles of denaturation at 95°C for 30 s, 64°C for 30 s, and 72°C for 30 s. To normalize target gene expression, β2M was amplified as an internal control in parallel to eNOS gene. The sequence of real-time RT-PCR primers for eNOS gene were as follows: forward: 5'-GTGGCTGGTACATGAGCACT-3', reverse: 5'-GTCTTTCCACAGGGACGAGG-3' and for β2M were forward: 5'-TCTTTCTGGCCTGGAGGCTATC-3', reverse: 5'- CGGATGGATGAAACCCAGACAC-3'. Calculation of fold changes in gene expression levels among different samples was performed by 2-ΔΔCT method.

Biochemical analysis {#sec2-5}
--------------------

Determination of NO in plasma samples was performed using the Griess reagent kit (Promega Corporation, Madison, USA). Briefly, plasma samples were deproteinizated with 30% zinc sulfate solution. Then, 100 µl of deproteinizated plasma samples and 100 µl of appropriate standard solutions were incubated with 100 µl Griess reagent at 37°C for 30 min. Then, the absorbance of reactions was measured on a microplate reader at 543 nm, and the concentration of NO was determined using a standard curve. Plasma total cholesterol (TC), triglycerides (TG), high-density lipoprotein-cholesterol (HDL-C), and fasting glucose levels were measured using commercially available enzyme assay kits (Pars Azmoon kit, Tehran, Iran) using Mindray Auto Analyzer (BS-200).

Statistical analysis {#sec2-6}
--------------------

Numerical variables presented as mean ± standard deviation and were compared using Student\'s *t*-test for normally distributed samples and Mann--Whitney U-test for nonnormally distributed samples. The Shapiro--Wilk test was used to assess whether the numerical data were normally distributed. Categorical variables were compared with Chi-square test. Furthermore, in case with small sample size \[such as those in [Table 1](#T1){ref-type="table"}\], the comparisons of categorical variables were conducted using Fisher\'s exact test. Logistic regression analysis was used to detect the independent effect of each risk factor in CAD. The deviation of genotype distribution from the Hardy--Weinberg equilibrium was assessed in both patients and controls by a free online calculator. The statistical significance was set at *P* \< 0.05 and confidence intervals (CIs) were set at 0.95. All statistical analyses were performed using SPSS 16 software (SPSS Inc., Chicago, IL, USA).

###### 

Number of coronary artery disease patients with 1, 2, and 3 diseased vessel according to various genotypes of eNOST-786C polymorphism
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RESULTS {#sec1-3}
=======

The comparison of clinical and biochemical parameters of the CAD patients and control subjects revealed no significant differences in the mean ages, sex distribution, and TG levels between the two groups (*P* \> 0.05). However, CAD patients had significantly higher plasma levels of TC and low-density lipoprotein-cholesterol (LDL-C) and lower plasma levels of HDL-C when compared with the control group. However, the CAD patients had significantly higher prevalence of diabetes, hypertension, and smoking habit compared with control group \[[Table 2](#T2){ref-type="table"}\].

###### 

Clinical characteristics of the coronary artery disease patients and the control subjects included in our study
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The mean plasma levels of NO was significantly lower in the CAD group than the control group (42.62 ± 12.26 vs. 55.48 ± 16.57, *P* = 0.002) \[[Table 2](#T2){ref-type="table"}\]. In addition, the plasma levels of NO were significantly lower in heterozygote and mutant homozygote genotypes of eNOST-786C polymorphism than that of wild-type genotype (*P* \< 0.05). However, plasma levels of NO did not differ significantly between heterozygote and mutant homozygote genotypes (*P* = 0.323) \[[Figure 1](#F1){ref-type="fig"}\]. Furthermore, mean plasma levels of NO was significantly lower in smoker compared with nonsmoker CAD patients (36.6 ± 10.8 vs. 45.8 ± 8.7, *P* = 0.001). However, no significant association was seen between plasma NO levels and TC levels, TG levels, HDL-C and LDL-C levels (*P* \> 0.05).

![The association between different genotypes of endothelial nitric oxide synthase T-786C polymorphism and mean plasma levels of nitric oxide in coronary artery disease patients](JRMS-22-34-g004){#F1}

As presented in [Table 3](#T3){ref-type="table"}, the distribution of TC heterozygote genotype (43% vs. 31%; odds ratio \[OR\] = 2.1, 95% CI = 1.13--3.80, *P* = 0.017), CC homozygote genotype (15% vs. 6%; OR = 3.75, 95% CI = 1.34--10.44, *P* = 0.011), and C allele (36.5% vs. 21.5%; OR = 2.1, 95% CI = 1.34--3.27, *P* = 0.001) of eNOST-786C polymorphism was significantly different between CAD patients and control subjects (*P* \< 0.05). Furthermore, the genotype distribution of eNOS T-786C polymorphism was in the Hardy--Weinberg equilibrium in both CAD patients (*P* = 0.469) and control subjects (*P* = 0.414), indicating the absence of selection bias in our study. In addition, this polymorphism significantly increased the risk of CAD by 2.76-fold and 2.35-fold under recessive or dominant genetic model, respectively \[[Table 3](#T3){ref-type="table"}\]. Furthermore, statistical analysis using Chi-square test demonstrated that −786CC genotype is more common among smoker compared with nonsmoker CAD patients (27.7% vs. 7.8%; OR = 3.56, 95% CI = 1.12--11.22, *P* = 0.044). However, no significant differences in the genotype frequency of T-786C polymorphism were observed between hypertensive and nonhypertensive CAD patients (*P* = 0.08) and also between diabetic and nondiabetic CAD patients (*P* = 0.95). Moreover, the association of eNOS T-786C polymorphism with the severity (number of diseased vessels) of CAD revealed statistically significant differences in the genotype distribution of eNOS T-786C polymorphism between patients with one- and three-diseased vessel but not between patients with one- and two-diseased vessel \[[Table 1](#T1){ref-type="table"}\].

###### 

Genotype and allele frequency of eNOST-786C polymorphism in coronary artery disease patients and control subjects
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Moreover, investigating the gene expression levels of eNOS in CAD patients revealed that mRNA expression levels of eNOS were significantly lower in −786CC genotype than −786TT genotype (*P* = 0.011) \[[Figure 2](#F2){ref-type="fig"}\]. However, gene expression levels of eNOS did not differ significantly between −786TC genotype and −786CC genotype (*P* = 0.076).

![The effects of various genotypes of endothelial nitric oxide synthase T-786C polymorphism on endothelial nitric oxide synthase gene expression levels in coronary artery disease patients](JRMS-22-34-g006){#F2}

Finally, as indicated in [Table 4](#T4){ref-type="table"}, logistic regression analysis revealed that the TC, HDL-C, LDL-C, plasma glucose levels, plasma NO levels, TC heterozygote genotype, and CC homozygote genotype were independent risk factors for CAD (*P* = 0.001, *P* \< 0.001, *P* \< 0.001, *P* = 0.002, *P* = 0.037, *P* \< 0.001, *P* = 0.003, *P* = 0.009, respectively), whereas TG (*P* = 0.067), age (*P* = 0.296), and sex (*P* = 0.317) were not independent risk factors for CAD.

###### 

Multiple logistic regression analysis of association between the eNOST-786C genotypes and risk of coronary artery disease
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DISCUSSION {#sec1-4}
==========

The main findings obtained from our study were as follows: (i) reduced plasma levels of NO are risk factors for the development of CAD, (ii) eNOS T-786C polymorphism is a significant risk factor for development and severity of CAD in the Iranian population, (iii) eNOS T-786C polymorphism is associated with decreased gene expression levels of eNOS and acts as a reducing factor for plasma NO levels.

Results of the present study indicated that genotype and allele frequencies of eNOST-786C polymorphism differed significantly between CAD patients and control subjects that were in accordance with some previously published study.\[[@ref8][@ref9][@ref10][@ref13][@ref17]\] Furthermore, the increased risk of CAD posed by this polymorphism was observer at heterozygote, homozygote, allelic, dominant, and recessive genetic models that confirmed the strong association of this genetic variation with development and severity of CAD.

However, our study was inconsistent with some other studies reporting no association between this polymorphism and CAD risk.\[[@ref18][@ref19][@ref20]\] The reasons behind these inconsistent results remain to be determined. Yet, numerous factors such as variation in study design, different selection criteria to define CAD patients and control subjects, differences in sample size, numerous gene-gene and gene-environmental interactions, and ethnic background of studied populations may explain the heterogeneity of association studies.\[[@ref21]\] Indeed, a recently published study which investigated the association of the eNOST-786C polymorphism with CAD risk at different populations reported inconsistent results in different ethnicities.\[[@ref10]\] The C allele frequency of eNOS T-786C polymorphism in our study was 36.5% in CAD patients that were similar to reported frequency of C allele in Turkish population\[[@ref16]\] (37.5%), Saudi population\[[@ref22]\] (40%), and Brazilian population\[[@ref23]\] (36%) and were much higher than that reported for Korean population\[[@ref24]\] (13.3%) and China population\[[@ref13]\] (23.1%).

The results of our study are in line with the results of some previously published studies including a meta-analysis study by Rai *et al*. and a case--control study by Salimi *et al*.\[[@ref8][@ref14]\] Although similar results with Rai *et al*. and Salimi *et al*. studies were obtained in our study, neither of the theses studies did not investigate the gene expression levels of eNOS in their study. Furthermore, the effect of T-786C polymorphism on eNOS gene expression levels was not investigated in their study. Our study for the first time investigated the eNOS gene expression levels in relation to eNOS T-786C polymorphism and demonstrated decreased gene expression levels of eNOS gene in carriers of C allele relative to carriers of T allele. Hence, based on gene expression analysis results in our study, the decreased plasma levels of NO in carriers of TC and CC genotypes relative to TT genotype can be explained with decreased eNOS gene expression levels in carriers of TC and CC genotypes. Since plasma NO levels are determined by three different isoforms (NOS1, NOS2, NOS3 \[eNOS\]) of NO synthase, our recent finding clearly provides evidence for direct involvement of eNOS T-786C polymorphism in modulating the plasma levels of NO by altering the gene expression levels of eNOS. Consequently, without gene expression analysis, we cannot attribute any change in plasma NO levels to eNOS T-786C polymorphism.

Several lines of evidence suggest that reduced bioavailability of NO may cause endothelial dysfunction and atherosclerosis.\[[@ref17][@ref25]\] The results of the present study also indicated reduced bioavailability of NO as a common finding in the CAD patients. This result may be attributable to the increased frequency of C allele in the CAD patients compared to the control subjects. Moreover, reduced NO levels in atherosclerotic vessels may be caused by reactive oxygen species (ROS) that is generated by oxidative stress in the CAD patients. ROS scavenge NO, thereby reducing NO bioavailability.\[[@ref5][@ref26]\] Our study indicated that eNOS T-786C polymorphism is associated with decreased levels of NO in the CAD patients that were in accordance with some previously published studies.\[[@ref17]\] According to some studies, eNOS-786C allele has been linked with a significant reduction in the promoter activity of eNOS gene that causes decreased gene expression levels of eNOS as well as reduced biosynthesis of NO.\[[@ref27][@ref28]\] Our results also showed lower gene expression level of eNOS in carriers of eNOS-786C allele and provided a causal relationship between this polymorphism and plasma NO levels.

Moreover, a significantly higher prevalence of the eNOS-786C allele observed among smoker compared with nonsmokers CAD patients. This result may be explained by Nohria *et al*.\'s study that demonstrated increased Rho kinase (ROCK) activity in smokers. The activation of ROCK leads to reduced biosynthesis of NO through suppression of eNOS in atherosclerotic vessels.\[[@ref29]\] Thus, the synergistic interaction between eNOS and −786CC genotype and smoking leads to reduced biosynthesis of NO that in turn attenuates endothelial function and predisposes patients to increased CAD risk.\[[@ref12]\] Therefore, this result may provide an evidence for a gene-environment interaction in modulating predisposition to the CAD risk. Similar results were reported by Rios *et al*. in a study of 715 patients with CAD in Brazilian population.\[[@ref30]\] Furthermore, eNOS T-786C polymorphism was found to be more prevalent in CAD patients with triple-vessel involvement when compared to patients with single-vessel involvement. This finding demonstrated that eNOS T-786C polymorphism contributes to the severity of disease in CAD patients, a finding which has been shown in some other studies.\[[@ref9]\]

CONCLUSION {#sec1-5}
==========

Reduced plasma level of NO is associated with increased risk of CAD in our population. Moreover, eNOST-786C polymorphism is a significant risk factor for development and severity of CAD. Furthermore, eNOST-786C polymorphism is a contributing factor for both decreased gene expression levels of eNOS and reduced plasma levels of NO.
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